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METALLURGiCAL VESSEL 

The present invention relates to a metallurgical veaeel comprising a bottom portion, a 
sidewail and a lanoe an-angement of at least two lanoes for supplying oxygen oontalning gas to 
5 the Interior of the vessel In operation wiierein each lanoe comprises an end portion for emitting 
oxygen containing gas. The present Invention also relates to a method of iron making. 

The term metallurgical vessel refers to a vessel suitable for treating metal or metal oxide, 
metal smelting, refining or reducing. 

The object of the present Invention Is to provide a metallurgical vessel which can be used 

10 on a large scbUb with increased produotfon e^dency and reduced clogging of equipment 
positioned In a roof portion of the vessel 

The present invention improves on the prior art as the lance arrangement Is sul^Ie for 
increasing in operation a downwardly directed flow of post^ombusted gases at tiie side wall of 
the vessel and an upwardly directed flow of post^iombusted gases in the centre of the vesral. 

15 The term post-combusted gases refers to the gases which are produced during rsaotions 

in the metallurgical vessel and are subsequently at least partially post combusted. 

The present invention has ttte considerable advantage that it can be successfully used for 
vessels of large diameter by stimulating a veiy favourable gas flow tn the body of the vessel. 
The gas flow results in reduced heat loads on the walls whilst the plurality of lances ensure a 

20 good distn'bution of oxygen containing gas and therefore good heat distribution over tfie vessel 
area, tttereby increasing production efficiency. The present invention also mitigates the problem 
of clogging of and damage to, e.g. ports, seals, sensors and measurbig equipment positioned In 
the roof pordon of the vessel which are expensive and difficult to replace or repair This problem 
of clogging arises when particulates are entr^'ned In the upward flow of post combusted gases 

25 directed to the roof portion of the vessel. The lance configuration of the present Invention 

creates a downward flow of post combusted gases at the sidewail whilst the upwardly directed 
flow occurs at the centre of the vessel. Any particulates entrained in the upward flow flierefore 
pass up the centre of the vessel and have less chance of coming Into contact wKh any of the 
equipment, ports, seals or sensors projecting through the roof. 

30 €P 0 73S 1 46 discloses a metallurgical vessel of the converter type fn which pre-reduced 

iron ore undergoes a final reduction. The bottom portion of the metallurgical vessel contains the 
Iron bath whilst the wall or side wall extends upwardly from the bottom portion, enclosing the 
slag layer. The roof portion extends from the top of the sidewail over the Interior of the vessel 
and oonneots with the melting cyclone. A plurality of lances project through the wall of the 

35 metallurgical vessel and supply oxygen to the interior of the vessel. The lances are spectfled as 
being orientated vertically as much as possible In order to achieve the same effect as when 
using a central lance i.e. that the oxygen can be supplied to the vessel at the same place above 
the slag layer even when the level of slag layer varies. 
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As mentioned above the present invention improves on the prior art as the lances are 
configured to increase a downwardly directed flow of post-combusted gases at the side wall of 
ttie vessel and an upwardly directed flow of post^combusted gases In the centnd of the vessel. 
In the metallurgical vessel of the present invention at least one of ttie lances may be 
6 provided means for emitHng a plurality cf Jets of oxygen containing gas from Bs end portion. 
Such a lance can emit o^Bon over a wider surface area of the contents of the vessel compared 
to a single Jet 

The lances are preferably configured with at least one of the lances projecting through 
the roof portion of the metallurgical vessel. The root portion of the vessel extends from the top 

10 of the sldewaO to the melting cyclone. At least one of the lances thus penetrates through part of 
the vessel that does not come into contact with the contents of the vessel thereby avoiding 
damage to the seal around the lance at the point R penetrates the vesseL 

At [east one lance is preferably arranged to direct the oxygen containing gas inwards 
towards the central axis of the metallurgical vesseL Directing the gas Inwards towards the 

1 5 centra! axis of the vessel creates an area of low pressure at the lance end portion resulting In 
post combusted gas being entrained downward at the sidewail towards the end portion of the 
tance whilst an upward flow of post combusted gas generated up through the centre of the 
vesseL When the metallurgical vessel Is upright the central axis extends essentially verHCally 
through the centre of the vessel. 

20 At least one of the lances may be Inclined from the vertloal with Its end portion Inclined' 

towards the central axis of the metallurgical vessel, inclining a lance directs the oxygen 
containing gas Inwards towards the central axis cf the metallurgical vessel and improves the 
distribution of oxygen containing gas over the surface of the contents of the vessel. 

The end portion of at least one lance may also be configured to direct the oxygen 

25 containing gas towards the central axis of the metaliurgtcal vessel at a greater angle from the 
vertical than the angle of inclination of the lance thereby increasing the upward and downward 
gas flow generated fn the vessel. 

The lances may be adjustable In height and therefore able to be positioned at an optimal 
height over the surface of the of the vessel contents when the vessel Is at varying levels of 

30 fullness. The angle of inclination of the lances may also be acliustable to enable the distribution 
of oxygen containing gas over the surface of the contents of the vessel to be optimised. 

The lance end portions may all be posWoned at an equal distance from the sidewail to 
achieve the most effective heat disfrfbutton over the surface of the vessel contents to ma^dmise 
production efficiency. Preferably three or more lances supply oxygen containing gas to the 

35 contents of the vessel to ensure optimum heat distribution and production efficiency. 

Particulate material may preferably be added to the metallurgical vessel via feed chutes 
positioned at a short distance from the lances. The downward gas flow in the vicinity of the 
sidewail thus entrains the partlculate material in the fonm of e.g. coal fines and transports ft 
down towards the end portions of the ox^en lances and the slag layer. This avoids the problem 

40 of a significant proportion of any particulate material added to the vessel being lost, due to 
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particles being entrained in the upvward gas flow, bofor© reacting with the contente of the vessel. 
The preferred embodiment thus results In a significantly lower loss of particulate material, such 
as ooal fines, from the veae^ and a higher production efflcienoy as a greater proportion of the 
particulate material Is available as a reaotant 
6 The toss of partioulato material is further minimised If each lance has a oorrespondir^ 

feed diute so tiiat the particulate material added through the chute is entrained Into the 
circulating gas flow generated by the lance. The optimal position for each chut© Is to be 
positioned between the lance and the sidewall of the metallurgical vessel. In a radial direction, 
where the downward flow of the post combusted gases is at a maximum, 
1 0 The metallurgical vessel of the present Invention preferably comprises a melting wclone 

positioned above, and fn open communication wiiK the vessel. None of the o)cygen lances thus 
has to vrithstand the heat and corrosive environment of the cyclone as they do not extend 
through the cyclone. Such a melting cyclone is disclosed in Dutch patent NL C 257682 and 
EP 0736146. 

15 The lances are preferably positioned to avoid contact with molten material passing 

downwards from the melting cyclone to the metallurgical vessel so that the motten material doee 
not damage the lances. Replacement and/or repair of damaged lanoes Is costly and reduces 
production effiolenoy. 

The metallurgical vessel of the present invention may be used for Iron making and steel 
20 making. 

The present Invention also relates to a method of reducing iron oxide Into \Ton using a 
metallurgical vessel In accordance with the Invention and comprising the steps of supplirfng Iron 
oxides to the vessel and reducing the Iron oxides by supplying carbonaceous material to the 
vessel and supplying oxygen containing gas to the Iron oxides via the plurality of lances. 
28 The present Invention also relates to a method of imn making comprising the steps of: 

conveying iron-oxide containing material into a melting cyclone, 

pre-reduoing said Iron-oxide containing material by means of reducing post combusted 

gases originating from the metallurgical vessel, 

at least partly melting the Iron-oxIde containing material in the melting cyclone by 
30 supplying oxygen contafriing gas to the melting cyclone and effecting a further post 

cximbustlon In said reducing post combusted gases, 

pemiltting the pre-reduced and at least pari*/ melted iron-oxide containing materW to 
pass downwardly from said melting cvolone Into the metaHurgical vessel in whioh final 
reduction takes place and 
36 - effecting the final reduction In the metallurgical vessel In a slag layer by supplying ox^n 
containing gas to the metallurgical vessel, via at least two lances configured to Improve a 
down\fl^ly directed flow of post-oombusted gases at the side wall of the vessel and an 
upwardly dlreoted flow of post-combusted gases In the centre of the vessel, and 
supplying coal to the metanui^ical vessel and thereby fomifng a reducing gas and 
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effecting at least partial post combustion In said reduolng gas In said metaUurgloal vessel 
by means of said oxygen containing gas supplied thereto. 

pR pp IMTRQDUCT^O^ ^ T^"^ TH*^ DRAWINGS 

5 Bnbodimerrts of the Invention will now be desoribed by way of non-llmltattve examp!©, with 
referenoe to the accompanying dmMrtngs, in which: 
Figure 1 shows an apparatus In accordance with the invention. 
|=^ure 2 shows a view along axis "A" of figure 1 - 

Rgure 3 shows a simulation of a section of the apparatus with one lane© projecting Into the 
1 0 vessel section and shows the simulated trajectory of ooal parttelea added at a short distance 
from the lance. 

Figure 4 shows simulation of asectton of the apparatus with one lano© projecting into the vessel 
section and shows the simulated trajectory of coal paifldes added between the lances. 
Rgure 5 shows a lance end portion having four pons for emitting four Jets of oxygen containing 
16 gas. 

pFty^ pnON OF A PHEPgRRgP EMBODIMENT 

The apparatus In figure 1 comprises a metallurgloal vessel 1, a melting oyotone Z (details not 
20 shown) and a pIuraHly of lances 3, of which two are shown. More lances may be used 
depending on, for example, the stee of the vessel and the performance parameters of the 
lances. The metallui^ical vessel Itself comprises a bottom portion 4, a sldewaH 5 and a roof 
portion 6 which extends from the top of the sidewall 5 to the melting cyclone 2. The metallurgical 
vessel comabia an Iron bath 1 1 wfflh a slag layer 1 0 on top and the vessel comprises at least 
25 one tap hole 19 for tapping off molten Iron and slag. Oxygen containing gas Is supplied to the 
Interior of the vessel by the lances 3 which acts to finally reduce the pre-reduced Iron oxide in -■ 
the slag layer. During the final reduction a process gas comprising reducing cart)cn monoxide Is 
produced and at least partially combusted above the slag layer 10, thereby releasing heat 
needed for the final reduction. The at least partially post combusted gas resulting from the post 
30 combustion Is retened to as post combusted gas. Particulate coal Is supplied to the Inlerlor of 
the vessel 1 ^ the feed tdiutee 12. The lances 3 project into the vessel through the roof 9 and 
are configured to create a downwardly directed flow of the post-combusted gas at the sidewall 5 
of th© vessel and an upwardly directed flow of post combusted gas In the centre of the vessel 9. 
The upwardly directed post combusted gas, comprising reducing carbon monoxide. Is further 
35 post-combusted In the melting cyclone 2 with oxygen containing gas suppHed to the melting 
cyclone. Iron oxUte supplied to the meWng cyclone Via apparatus 13 Is pre-roduced 
approximately to FeO and at least partly melted. The pm-reduced Iron oadde 14 then falls or 
flows down Into the metaUurgteal vessel 1 . When the metallurgical vessel Is upright th© central 
axis extends essentlaity vertically through the centre of the vessel. 
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During operation th© lances extend to above the slag layer 1 0 and the lances are 
adjustable In height so they can be positioned optimally for supplj^'ng oxygen containing gas 
even when the vessel is at varying levels of f ullnees. The lances 3 are inclined from the verfical 
and the end portions 8 are configured to direct a Jet 7 or Jets of <xmen containing gas towards 
5 the centre of the vessel either at the same Inclination of the lance or at greater angle from the 
vertical than the Inclination of the lance. Figure 5 shows In detail the end portion 8 of a lance 3 
having four ports 17 which emit four |ets 18 of oxygen containing gaa. The lances 3 are 
positioned so that their ends are all of equal distance from the sfdewaU. The number of lances 
projecting Into the vessel can be varied depending on the size of the metallurgical vessel and 
10 Ifte surface area of slag covered by each lance. The number of ports In the end portion of the 
lances can also be varied. 

ngure 2 shows the poslUons of the three feed chutes 12 with respect to the thro© oxygen 
lancesSof figure 1. 

Figure 3 shows a section of the vessel 1, a lance 3 projecting Into the section of the 
16 vessel and the trajectories 15 of coal particles added to the vesseL TTie advantage obtained by 
adding coal particles a short distance from the lanoes is clear as the paiticles are enfralned 
towards the slag layer wKh the downward flow of post-combusted gases at the sldewall of the 
vessel. In contrast, figure 4 shows the tralectortes 16 of coal particles added between the 
lances. It can be seen that the ms^ority of the particles are entrained In the upwatxliy dlr^ted 
20 flow of post-combusted gases In the centre of tfie vessel and leave the vessel. A signiffcant 
proportion of the coal particles added thus never become available ae reactants in ttie slag 
layer. 

Whne ttie Invention has been illustrated by a particular embodiment, variations and 
modlfloations are possible within the scope of the Inventive concept. 
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CUUDIIS 
1. 



Metallurgical vessel comprising a bottom portion, asldewall and a lance arrangement of 
at least two lances for supplying oxygen containing gas to the interior of the vessel in 
operation wherein eaoh lance comprises an end portion for emitting oxygen containing 
gas chaiacterised m that the lance arrangement Is suitable for Increasing In operation a 
downwardly directed flow of post-oombusted gases at the side wall of the vessel and an 
upwardly directed flow of post-oombusted gases in the centre of the vessel 

2. Metallurgical vessel according to claim 1 wherein at leadt one of the lances Is ppovkted 
with means for emitting a plumlity of jets of oxygen containing gas from its end portion. 

3. MetaOurgloal vessel according to claim 1 or 2 Wherein at least one of the lances projects 
through a roof portten of the metellunBloai vesseL 

4. Metallutsieal vessel according to any of the previous claims wherein at least one tenco is 
ananged to direct the oxygen containing gas towards a central axis of the metallurgical 



MeielltflgioBi vessel acoowling to claim 4 Wherein at least one of the lances is Inclined 
from the vertical with Its end portion inclined towanfe the central axis of the metailungloal 



6. Metanuiglcal vessel according to claim 5 wherein the end portion of the lance is 
configured to direct the oxygen containing gas towards the central was of the 

metalluigteal vessel at a greater angle from the vertical than the angle of Inclination of the 

lance. 

7. Metallurgical vessel according to any of the previous claims wherein the lances are 
adjustable In height 

8. Metallurgical vessel according to any of the previous claims wherein the end portions of 
m lances are afl of equal distance from ttie ^dewall. 

9. Metallurgical vessel according to any of the previous claims wherein the metaflurglcal 
vessel comprises three or more lances. 

10. Metallurgical vessel according to any of the previous dalme wherein at least one feed 
chute, for adding material to the vessel. Is positioned at a ehort distance from a lance 
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1 1 . Mst^unglcal vessel aoooiding to claim 1 0 wherein a pluraTiiy of feed ohutes project 
through a roof portion of the metallurgieal vessel. 

12. Metellurgical vessel according to claim 10 vt«iereln each lance has a corresponding feed 
5 chute. 



13. Metallurgical vessel according to claim 12 wherein each feed chute Is posmoned between 
the lance and the sklewall of the metallurgies vessel In a racflal direction. 

10 14. Metanungleal vessel aooon^lng to any one of claims 1 to 13 oomprising a melting cyclone 
positioned above and in open connection with the metallurgical vessel 

15. Metallurgical vessel according to claim 14 wherein the lances are posiHoned to avoid 
contact with molten material passing downwards from the melting cyclone to the 
16 metallurgical vessel. 



16. Method of ledueing &on into Iron using apparatue In aocordanoe with any one <rf 
(Haime 1-16 comprising the steps of supplying Iron o)ddee to ihe vessel and reducing the 
Iron oxides by supplying carbonaceous material to the vessel and supi^ng oxygen 

20 containing gas to the Iron oxides via at least two lances. 

17. Method of iron making comprising the steps of: 

owweylng tron-o)dde oontainhg material Into a melting c^one, 
pre-reduclng said iKMWSKMe oonAainIng material by meane of reducing post 
26 combusted gases oHglnatlng from the metailuigteal vessel, 

at least partly mettingthelron-ojdde containing material In the melting cyclone by • 
supplying oxygen containing gas to the melting cyclone and efltecting a further post 
combustion In said reducing post combusted gases, 

permitting the pre>-reduoed and at least partly melted Injn-oxlde containing material 
30 to pass downwardly from said melting oyolone Into the metaUui^ioai vessel in which 

final reduotion takes place and 

effecting the final reduction In the metallurgical vessel In a slag layer by supplying 
oxygen containing gas to the metalluigloal vessel, via at least two lances 
configured to Improve a downwardly directed flow of post-^mbusted gases at the 
55 eide wall of ih© vessel and an upwardly directed ftow of postHSombusted gases in 

the centre of the vessel, and suppiyfrig coal to the metanurgloal vessel and thereby 
forming a reduting gas and effecting at least partial post oombustton In eaid 
reducing gas In said metallurgical vessel by meane of said o»Q^en conteiftiing gas 
supplied thereto. 
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ABSTRACT 



Metalluiglcal veassl compifeing a bottom portion, a aklewall and a lance an-ansenient of at least 
two lances for supplying oxygen containing gas to the Interior of the vessel In operation wherein 
each lance comprises an end portion for emitting oxygen oontalning gas oharaoterised in that 
the lance anwgement Is suitable for moreasing in operation a downwardly directed flow of post- 
combusted gases at the side wall of the vessel and an upwardly directed flow of post- 
oombusted gases In the centre of the vessel. 
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Fig. 2 




Fig. 5 



